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Device and method for optoelectronically detecting the movement 



Reference to related applications 

The present application claims the priority of the German patent 
application 102 11 307.6 filed on 13.03.2002 the disclosure of 
which is also hereby expressly included within the subject 
matter of the present application. 

Field of the invention 

[0001] The invention relates to a device and to a method for 
optoelectronically detecting the movement and/or the position of 
an object in accordance with the preamble of Claims 1 and 18. 

State of the art 

[0002] Virtually every modern item of equipment possesses a key 
field for the operation thereof. This may extend from just a few 
keys up to the size of a PC keyboard. Key fields comprising 3 x 
4 or 4 x 4 keys have become established as a standard size in 
the segment relating to the operation of automatic devices. 
These keyboards are often exposed externally to a high dirt 
load. The demands generally made on a keyboard are that it 
should always be ready for operation, be easy to operate and 
easy to clean. Furthermore, the questions of anti-vandalism and 
freedom from germs also play a role, especially in the case of 
publicly accessible automatic devices. 

[0003] The keyboards marketed until now usually consist of 
individual mechanical switching elements. Hereby, an electrical 
contact is closed or opened by the pressure of the operator's 
finger. Keyboards of this type contain moving parts which are 
subject to mechanical wear. 

[0004] As is derivable from US 4,092,640 Al for example, use is 
also made of individual switching elements in the form of keys 
which use the antenna effect of the human body. 
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[0005] However, the factor common to all of these keyboards is 
that they are subject to wear and incorporate crevices which are 
an impediment to effective cleaning. Membrane- type keyboards do 
of course have a sealed surface although this is mechanically 
fragile due to the materials used. 

[0006] From FR 2 6 93 859 Al which forms the basis for the preamble 
of Claim 1, it is known to use an optical fibre which is 
employed as an optical guide. Light is emitted through an 
optical guide and reflected back by an object and is then 
detected again via another optical guide. 

Summary of the invention 

[0007] On the basis of this state of the art, the object of the 
present invention is to create the prerequisites for the 
construction of a key which can be operated under a sealed 
surface . 

[0008] This object is achieved by a device incorporating the 
features of Claim 1 and also by a method incorporating the 
features of Claim 18. 

[0009] For this purpose, an optical guide is used which is at 
least capable of coupling X into the optical guide light that was 
previously emitted through the optical guide and then 
backscattered in a diffuse manner with arbitrary changes of 
angle by any object. 

[0010] Further advantages are derivable from the appendant Claims. 
Short description of the Figures 

[0011] The invention is described in more detail hereinafter in 
exemplary manner with reference to the accompanying drawings. 
However, the exemplary embodiments are merely examples which are 
not intended to limit the inventive concept to a particular 
arrangement . 
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[0012] Fig. 1 shows a side view of an optical guide comprising 
light coupling means when being approached by an object, 
together with details of the path of the light rays, 

[0013] Fig. 2 the arrangement of an optical guide over a 
plurality of transmitting elements, 



[0014] Fig. 3 the side view of an optical guide wherein the 
optoelectronic components are arranged at the edge of the 
optical guide, 



[0015] Fig. 4 a block circuit diagram, 

[0016] Fig. 5 the waveform of the signal during the approach of 
an object^ 

[0017] Fig % ^6__ the temporal sequence of the signal detection 
process, 

[0018] Fig. 7 a device incorporating a sliding control, 

[0019] Fig. 8 a dial -type keyboard. 
Description of preferred exemplary embodiments 



[0020] The Figures depict a device for optoelectronically 
detecting the movement and/or the position of an object 10. For 
example, the approach of an object 10 in the form of a finger to 
a keyboard can be detected. The device comprises at least one 
transmitting element 11 for transmitting radiation in the form 
of light in a wavelength range extending from the infrared to 
the ultraviolet, and at least one receiving element 12 for 
receiving at least a portion of the radiation that was emitted 
by the transmitting element 11 and scattered by the object 10. 
Furthermore, an optical guide is arranged in the beam path 
between the transmitting element 11 and the receiving element 
12. 



[0021] This optical guide 13 itself comprises light coupling means 
for coupling in the radiation that was previously emitted 
through the optical guide 13 and scattered in a diffuse manner 
by the object 10, said radiation having been subjected to a 
change of angle at the object. The radiation is coupled-in by 
the light coupling means 13a in accordance with Fig. 1 by virtue 
of the light coupling means being formed in the optical guide in 
such a manner that rays incident at above a certain angle 
obliquely relative to the optical guide are totally reflected 
and then forwarded through the optical guide. Thus, light 
incident transversely relative to the optical guide is deflected 
through almost a right angle in dependence on the optical 
properties of the optical guide. The light coupling means can 
also be used for coupling-out the light emitted therein. 

[0022] The transmitting element 11 can radiate transversely 
through the optical guide as depicted in Fig. 1 so that the 
radiation does not initially enter the optical guide since it is 
not subjected to the total reflection necessary for this 
purpose. However, if the light is then backscattered by the 
object 10, the backscattered light is totally reflected in the 
optical guide at the light coupling means 13a and subsequently 
"imprisoned" in the optical guide. In other words, the 
reflective properties of the optical guide 13 and the 
arrangement of the transmitting element with respect to the 
optical guide are such that the transmitting element 11 can emit 
the light substantially through the optical guide. If, however, 
the light is diffusely backscattered by the object 10 even with 
just a small change of angle, a total reflection of the 
"trapped" ray of light becomes possible in the exemplary 
embodiment so that the light can then be forwarded within the 
optical guide. Hereby, the transmitting element is usually 
located on the side 13b of the optical guide which is remote 
from the moving and/or approaching object 10. Consequently, the 
optical guide itself could, if necessary, also form the sealed 
surface under which the keyboard that is to be operated is 
protected. By choosing this surface, there are no crevices and 
the material can be used in areas subjected to considerable 
environmental effects of a mechanical or chemical nature. 
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[0023] The optical guide 13 may also comprise a plurality of light 
coupling means 13a. Preferably, the light coupling means 13a are 
spatially associated with a respective transmitting element 11 
so that the transmitting elements 11 can be arranged in the form 
of a keyboard. The respectively associated light coupling means 
13a, which may preferably be of curved construction or in the 
form of a circular segment, is then located on each key 14 - as 
indicated by the dashed lines in Fig. 2. It is preferred that a 
transmitting element 11 in the form of a light emitting diode be 
used for each key. With the aid of a suitable optical system, 
all of the transmitting elements 11 are effective on the 
receiving element 12 which is illuminated simultaneously by an 
additional compensating LED 15. The light coupling means 13a can 
be produced by milling a slot into the optical guide 13 for 
example. Since this milled slot i.e. the light coupling means 
13a only penetrates just partially into the optical guide 13, 
the light reflected in the remainder of the optical guide can 
reach the receiving element 12 from every key position. 
Preferably, the light coupling means 13a only penetrates by 
approximately 50 % into the optical guide. 

[0024] In principle, the transmitting elements and receiving 
elements could also be inverted. Thus, for example, a plurality 
of receiving elements could be associated with the keys, e.g. 
one receiving element can be associated with each key, whilst 
preferably at least two transmitting elements are arranged at a 
suitable position. When arranging the transmitting elements, it 
need only be ensured that there is a light path to the receiving 
elements . 

[0025] The suitability of the arrangement as a keyboard is 
strengthened by the fact that a device for compensating 
extraneous light is available, for example, a device such as is 
known from EP 0 7 06 64 8 Bl, the subject matter of which is 
hereby also expressly incorporated in the subject matter of the 
present application. 
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[0026] Therein, for the purpose of detecting water drops on a 
sheet of glass, there are provided two measuring sections 
between the transmitting element and the receiving element. 
While the transmitting element emits the radiation, the 
receiving element detects the back radiation that has been 
reflected from the surfaces or the objects. The two measuring 
sections are operated in time-divided manner under the control 
of a clock pulse generator 20 as is also illustrated in Fig. 4. 
In the exemplary embodiment depicted here, the clock pulses are 
supplied to a multiplexer 23 in order to control further 
transmitting elements 11, in particular, those of a keyboard. 
The detection signals derived by the receiving element 12 are 
filtered and divided up again in a synchronous demodulator 21 
under the control of the clock pulse generator 20 into signals 
that are associable with the individual measuring sections. The 
information signal derived from a comparison of the measuring 
sections is supplied to an evaluating unit 24 which switches on 
an equipment 25 in dependence thereon. 

[0027] If there is uniform reflection in both measuring sections, 
then the information signal is zero. The information signal is 
supplied to a signal centring stage. Depending upon whether a 
regulating voltage is or is not present at the output thereof, 
the quantity of radiation being radiated into the measuring 
sections is then regulated by this regulating voltage so that 
counter- regulation of the detection signal is effected in 
dependence on a time constant. In the exemplary embodiment, this 
is effected by the compensating LED 15 which is driven by the 
oppositely phased clock pulse and regulated by the regulator 2 8 
on the basis of the information signal. Consequently, it is 
possible to detect dynamic changes, and thus too the approach, 
movement and/or position of an object transversely relative to 
the optical guide whereby extraneous light is reliably 
compensated at the same time. 

[0028] As in the exemplary embodiments, the compensating LED 15 
may be in the form of just a single light emitting diode which 
is appropriately regulated and also maintained in continuous 
operation when necessary, whilst the intensity of the radiation 



emitted thereby is controlled by the clock pulses in dependence 
on the compensation required for compensating the currently 
clocked transmitting element 11. It is advantageous that the 
compensating LED in Fig. 2 can also be operated in the direct 
vicinity of a receiving element 12 since even an optical path of 
virtually zero is sufficient for the compensation process. To 
this extent, only the transmitting elements 11 need be 
associated with the "keys" 14, whilst the receiving element 12 
and the compensating LED 15 could also be spaced therefrom in 
this embodiment. One of the transmitting elements 11 themselves 
could also be used as the compensating LED 15. 

[0029] Consequently, the compensating LED is preferably arranged 
at the edge of the optical guide 13. In accordance with Fig. 3, 
the compensating LED 15 can be arranged e.g. at an inclined edge 
13c of the optical guide. Then, in accordance with Fig. 3, it is 
possible to arrange for the surface of the printed circuit board 
16 not to be located entirely under the optical guide. In 
consequence, the printed circuit board incorporating the 
optoelectronic components 17 can also be provided merely in the 
vicinity of the inclined or bevelled edge 13c of the optical 
guide, whereas the optical guide 13 itself projects outwardly in 
the form of a free keyboard. However, it is not just the 
receiving element 12 and the compensating element 15 that can be 
arranged near the edge, but, in the case of an embodiment in 
accordance with Fig. 3, the transmitting elements 11 themselves 
can also be spaced from the actual input area which is located 
in the vicinity of the light coupling elements 13a. Thus, in an 
embodiment of this type, the optical guide can be of e.g. planar 
construction and hence be located on a keyboard, without 
interference thereby arising from optoelectronic or other 
components because the optical guide is separate therefrom. This 
makes it possible for all of the optoelectronic components to be 
mounted on a circuit board and to lay out the optical guide in a 
planar manner. However, the possibility also exists of coupling- 
out the light in spot -like or strip- like manner by suitable 
shaping of the light coupling elements and then coupling the 
light reflected by a finger back in again so that push button or 
sliding controls can be implemented on a free-standing board. 
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[0030] In the exemplary embodiment, the optical guide is 
constructed in such a way that it comprises light coupling means 
in the form of e.g. milled slots on the side 13b thereof. In 
principle however, it is also possible to form the relevant 
light coupling means in the optical guide by means of an e.g. 
casting process if suitable optical boundary surfaces are 
present. If the boundary surfaces are constructed carefully, 
optical guides can then be produced which are not likely to be 
statically weakened by the milled slots. 

[0031] The transmitting elements are fed sequentially with a clock 
pulse. The compensating LED 15 receives the inverse clock pulse 
in an appropriately regulated manner. In accordance with EP 0 
706 648 Bl, the intensity of the compensating LED 15 is 
regulated in such a way that the transmitting element 11 and the 
compensating LED 15 produce the same signal amplitude at the 
receiver 12. This happens cyclically for all of the transmitting 
elements 11, for a number of clock cycles in each case. The 
synchronous demodulator and the regulator 21 supply a signal in 
time sequential manner for each of the possible control loops. 
This control signal has a waveform such as is shown in Fig. 5 
for example when an object 10 approaches. A corresponding 
optical key which works in this manner is known from WO 01/54276 
Al . The change caused by the movement of the finger is evaluated 
by the method known from WO 01/54277 Al . 

[0032] In principle, the compensating LED could also emit 
unregulated light of e.g. constant intensity, whilst the 
transmitting elements are regulated individually. In end effect, 
nothing changes thereby. 

[0033] Due to the switching of the transmitting elements 11, one 
receives the signal shown in Fig. 5 in the form of sampling 
values which are clocked at intervals of a few milliseconds. 
When using a sampling rate of e.g. 200 kHz, the individual 
transmitting elements 11 are controlled in time sequential 
manner and interrogated as soon as they attain the steady state. 
This then results in a pattern in accordance with Fig. 6, from 
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which, for example, a waveform in accordance with Fig. 5 can be 
derived. 

[0034] The signal in accordance with Fig. 5 differs from the 
signal waveforms that are produced by movement in the proximity 
of the input field or by means of a wiping action by virtue of 
the jump-like alteration of the signal when the finger impacts 
the surface of the key (position 30), a stable level for the 
period of time for which the finger remains thereon which is at 
least 80 milliseconds, as well as by the drop in the signal when 
the finger is removed in accordance with position 31. Other 
alterations of the signal are evaluated as being an approaching 
action and these can be used for activating a lighting 
arrangement for the key or for activating the attached 
equipment. It is likewise conceivable for an optical or acoustic 
feedback signal to be given when contact with a key has been 
detected. 

[0035] Thus, in this method, radiation in the optical wavelength 
range is emitted, the light passes through an optical guide 13 
up to the object 10 and is scattered back by the object. The 
backscattered quantity of light is coupled at least partially 
into an optical guide 13 and received by the receiving element 
12 in the form of an input signal. The movement and/or the 
position of the object 10 is determined from this signal in an 
evaluating unit. Thereby, the coupling-in process is effected by 
the light coupling means 13a of the optical guide 13 itself, 
preferably transversely to the optical guide. 

[0036] Apart from the employment as a classical keyboard, it is 
equally possible for the individual keys to be arranged smaller 
as points of a matrix for example. If this matrix possesses at 
least 5x7 points, then every alphanumeric symbol can be 
entered thereby. A standard display element can be used here as 
a transmitting array. It is useful hereby, if the detected keys 
are illuminated for a long period in order to provide the user 
with feedback and thus simulate a writing process. As has 
already been explained, the control of the e.g. LEDs used as 
transmitting elements takes place in a time sequential manner. 
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Consequently, the illuminating process can be effected in the 
pauses between interrogations, especially if, as is preferable, 
the transmitting frequency is not perceptible to the human eye. 
The detected signals can thus be used as input for a writing 
recognition process. The constant light produced by the 
continuous illumination does not interfere with the key 
evaluation process since this only works with modulated light. 

[0037] Further arrangements of the individual elements result, for 
example, in sliding regulators, rotary regulators or control 
matrices such as e.g. the sliding control illustrated in Fig. 7. 
A sliding control of this type could be shaped as in the side 
view in accordance with Fig. 3, insofar as the light coupling 
means 13a extends over a longer region transverse to the plane 
of the Figure. In a circular arrangement in accordance with Fig. 
8 consisting of e.g. 12 keys, a keyboard can also be provided 
which is similar to a rotary dial-type keyboard 27. 

[0038] Since scattered light from the transmitting elements 11 can 
also reach the receiving element 12 and a light emitting diode 
can also function as a receiver, it is not absolutely necessary 
for a separate compensating LED 15 and a receiver to be used. 
Other key LEDs could also be used as a compensating LED or a 
receiver instead. 

[0039] It is to be understood that this description can be 
subjected to various modifications, alterations and adaptations 
as would fall within the range of equivalents to the appended 
Claims . 
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